Traditionally, the drinking of large amounts of alcoholic beverages has been considered a common predisposing or precipitating cause of gout (1). Thus far, however, the possibility of a relationship between ethanol and urate metabolism does not seem to have been investigated. In an attempt to evaluate a possible effect of ethanol on uric acid metabolism, we have studied serum uric acid levels in patients intoxicated with ethanol. Having observed that ethanol leads to an elevation of serum uric acid concentration, we investigated the mechanisms of this effect.
Traditionally, the drinking of large amounts of alcoholic beverages has been considered a common predisposing or precipitating cause of gout (1) . Thus far, however, the possibility of a relationship between ethanol and urate metabolism does not seem to have been investigated. In an attempt to evaluate a possible effect of ethanol on uric acid metabolism, we have studied serum uric acid levels in patients intoxicated with ethanol. Having observed that ethanol leads to an elevation of serum uric acid concentration, we investigated the mechanisms of this effect.
MATERIALS AND METHODS
Subjects. Studies were conducted in 22 subjects, 31 to 67 years old, 19 males and 3 females (Subjects 4, 7, 19) . None had gout or any known cause of secondary hyperuricemia. Renal function was normal as judged by blood urea concentration and urinary sediment, there was no major hematological abnormality, and all except Subject 8 were afebrile. Although all except Subject 14 admitted considerable ethanol intake in the past, at the time of the study none showed clinical or laboratory evidence of liver disease except Subjects 1, 4, and 8, who had compensated hepatic cirrhosis. Subject 14 suffered from chronic idiopathic adrenal insufficiency and was being treated with desoxycorticosterone acetate (DOCA) at the time of the study.
Studies in intoxicated patients. Sixteen patients were studied when admitted to the hospital acutely intoxicated with various alcoholic beverages. Venous A. Intravenous infusions. In three subjects, 13, 14, and 15, ethanol was given after an overnight fast as a continuous infusion of a 15 per cent by volume solution in isotonic saline. In Subject 15, this was preceded by a 2½-hour control period during which saline solution was administered. In Subject 13, a control test with isotonic saline solution alone was done on another day.
B. Oral tests. After an overnight fast, Subjects 4, 16, 17, and 22 were studied for a 2½-hour control period during which water flavored with grapefruit juice was administered orally to compensate for urinary water losses. Thereafter, in addition to the water, the patients were given ethanol in concentrations varying from 10 to 35 per cent by volume. This was administered every half hour for the subsequent 8 to 10 hours, without food intake, and later, every 4 hours, in addition to diet, for approximately a day.
In addition to his intravenous study, Subject 15 was given a 3-day course of oral ethanol preceded and followed by control periods of approximately 2 days' duration. Ethanol was administered every 4 hours as a 15 per cent solution in water flavored with grapefruit juice. A mixture of grapefruit juice and water alone was administered during the control periods.
Subject 17 was submitted to 3 additional 1-day studies. In place of ethanol, he was given isocaloric amounts of glucose once and neutralized sodium lactate 1 
ZS: (7) was given intravenous saline solution without ethanol, and no change in serum uric acid was observed. In Subject 15 (see Figure 2 ), no rise of serum uric acid was observed with intravenous ethanol, but the serum ethanol level surprisingly never rose above 140 mg per cent. When this subject was given a 30 per cent larger maintenance -dose of ethanol orally for a much longer period, 3 days, he did show a rise in serum uric acid (Figure 3) . Serum ethanol levels were not determined during this oral test.
In all subjects given ethanol orally-Subjects 4, 15, 16, 17, and 22-serum uric acid increased, and returned to control values when ethanol was withdrawn (Figures 3, 4) . Signs of moderate intoxication, such as euphoria, were observed in all subjects given ethanol.
3. Urinary studies. Urinary studies were conducted in three of the patients given ethanol orally (Figures 4-6) . In all three, serum ethanol concentrations rose above 200 mg per cent, and blood lactate increased to 16 to 22 mg per cent.
The rise in serum uric acid concentrations was accompanied in all three subjects by a decrease in urinary uric acid output to about 20 to 50 per cent Figure 8 for Subject 17. When sodium lactate was administered to him, urinary pH changed in the opposite direction and became markedly alkaline (see Figure 8 ).
DISCUSSION
The data presented in Figure 1 indicate that in subjects who had taken intoxicating amounts of alcoholic beverages, serum uric acid concentrations were significantly higher during the stage of acute inebriation than after recovery. Furthermore, in 5 out of 12 subjects, the initial serum uric acid levels were well beyond the upper limit of normal, although none of the subjects had a known cause of hyperuricemia. In all subjects, the values returned to normal on recovery. These observations suggest a relationship between uric acid and ethanol, but they do not, by themselves, rule out the possibility that the observed hyperuricemia could be due to some factor other than ethanol, for instance, another component of the alcoholic beverages. That the observed hyperuricemia, however, is due, at least in part, to ethanol itself is suggested by the observation that administration of pure ethanol resulted in an increase of serum uric acid concentration in 7 subjects (see Figures 2-4) . This rise in serum uric acid produced by ethanol was accompanied by a decrease in urinary uric acid output (see Figures 4-6 ) without alteration in glomerular filtration rate, as indicated by endogenous creatinine clearances. In all patients in whom urinary studies were done, calculation of the deficit in urinary uric acid excretion represented in Figures 4 to 6 shows that this could account for the rise in serum uric acid observed in these patients, if we assume that they had a uric acid pool which was stable and of normal size, and that the equilibration between serum uric acid and the body's uric acid pool may normally take up to 12 hours or more (9) .
In experimental animals, it has been shown that the oxidation of alcohol to acetaldehyde, which generates reduced diphosphopyridine nucleotide (DPNH) (10) , is in part coupled with the reduction of pyruvic acid to lactic acid (11-13), according to the reactions indicated in Figure 9 . It is possible that a similar mechanism is at least partly responsible for the rise in blood lactate which has been observed in man after ethanol administration (14) (15) (16) (17) , since in similar experimental conditions an increase in the lactate: pyruvate ratio has been observed in arterial (18) and hepatic venous (18, 19) blood. In the present study, however, the cause of the rise in blood lactate was not specifically investigated, and theo- retically, other mechanisms such as increased muscular activity (20) (21) (22) or hyperventilation (23) might play a role, although clinically these were not evident. Furthermore, the high blood lactate of hyperventilation occurs under conditions-alkalosis and unchanged lactate: pyruvate ratio (23) -different from those after ethanol administration, which produces acidosis (24) and, as discussed above, a rise in the lactate: pyruvate ratio. The subjects given ethanol in the present study had no signs of peripheral circulatory failure, but oxygen saturation was not measured, and thus anoxemia, although unlikely, cannot formally be ruled out as a cause for lactate accumulation.
In various conditions accompanied by an elevated blood lactate, such as exercise (20, 21 ), toxemia of pregnancy (25) , and glycogen storage disease (26) , decreases in urinary urate excretion and high serum uric acid levels have been described. These effects have been attributed to the rise in blood lactate, since lactate administration is known to decrease urinary uric acid excretion (27) (28) (29) . Thus, it appears reasonable to assume that the rise in serum uric acid concentration and the concomitant decrease in urinary uric acid output, which we observed in patients given ethanol, resulted, at least in part, from the rise in blood lactate. This concept is supported by the observation that the ingestion of sodium lactate by one subject formerly given ethanol led to increases in blood lactate concentrations (possibly due to alkalosis as well as to the administered lactate as such), decreases in urine urate excretion, and increases in serum urate similar to those after ethanol (see Figures 6, 7) .
In the present and in previous studies investigating the effect of lactate on renal uric acid excretion (28, 29) , the R, racemic, form has been administered, but in mammalian species, L-lactate is preferentially metabolized (30, 31) . Since the chemical method used (7) measures both D-and L-lactate, and since the relative proportions of the two isomers in the blood and their respective effects on uric acid excretion are unknown, it is difficult to relate blood lactate values to urinary urate excretion quantitatively. Qualitatively, however, it seems well established that a reduction in urinary uric acid excretion accompanies an increase in blood lactate, whether the latter is achieved by the administration of R lactate (28, 29, Figure 7 ) or whether it results from metabolic causes, such as exercise (20, 21) , toxemia of pregnancy (25) , glycogen storage disease (26), or ethanol, as shown in the present study.
The mechanism by which lactate affects urinary uric acid excretion is unknown. Theoretically, the dissociation of a weak acid, such as uric acid, can be expected to decrease in acid urine, and since ethanol administration may be accompanied by acidification of the urine, this could result in enhanced reabsorption of uric acid by back diffusion of the un-ionized form. In two out of three patients given ethanol, the rise in blood lactate was accompanied by urinary acidification, as had been described before (24, 32) . Urinary acidification, however, does not appear to be primarily responsible for the decrease in urinary uric acid output, since, in confirmation of previous findings (33) , in the patient given sodium lactate, the urine became strongly alkaline; nevertheless, lactate administration was accompanied by a decrease in urinary uric acid output and a rise in serum uric acid similar to those observed in the same patient on alcohol administration, although the urine pH was about 5 in the latter condition (see Figures  6-8) . Furthermore, changes in urinary pH do not, in general, markedly affect urinary uric acid excretion (34) .
In eight patients spontaneously intoxicated with various alcoholic beverages (Table I) , high blood lactate levels were observed, confirming previous findings (14) . These values were as high as, or even higher than, those found in the patients given ethanol. As discussed above, similar lactate levels are known to decrease urinary uric acid output. Therefore, it is reasonable to assume that the hyperuricemia observed in patients spontaneously intoxicated with alcoholic beverages (see Figure 1) is due, at least in part, to the following sequence of events: oxidation of ethanol to acetaldehyde generates DPNH, which reduces pyruvate to lactate; the resulting rise in blood lactate decreases urinary uric acid output, which leads to an increase in serum uric acid concentration.
The role of this effect of ethanol on uric acid metabolism as a predisposing or precipitating factor for arthritic attacks remains to be evaluated in patients with gout.
